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54. A method for extracting an analyte from a fluid sample, the method composing 
the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing region for lysing sample components to rej€ase the analyte 
therefrom, wherein the lysing region contains solid phase material 
for capturing the sample components as the sajnple flows through 
the lysing region; and 

ii) an analyte capture region containing captyfe material for capturing 
the analyte; 

b) forcing the sample to flow through the lysin/region to capture the sample 
components with the solid phase material!/ 

c) lysing the sample components in the lysing region to produce a lysate 
containing the analyte; 

d) forcing the lysate to flow through t#e capture region, thereby capturing the 
analyte with the capture material/ and 

e) eluting the analyte from the capture region. 



55. The method of claim 54, whereinf the cartridge further includes a reaction 
chamber, and the method further comprises the steps of: 

i) forcing the eluted analyte to flow into the reaction chamber; 

ii) chemically reacting the analyte in the reaction chamber; and 

iii) detecting a reaction product. 

56. The method of claim 55, wherein the analyte comprises nucleic acid, and wherein 
the steps of chemically reacting the analyte and detecting the reaction product 
comprise amplifying the nucleic acid and detecting the amplified nucleic acid. 



57. The methocf of claim 55, wherein the chemical reaction requires temperature 

control of the reaction chamber, the portion of the cartridge defining the reaction 
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chamber protrudes from the rest of the cartridge body, ansrthe method further 
comprises the steps of inserting the reaction chamber info a thermal sleeve and 
heating or cooling the reaction chamber according to A time/temperature profile. 

58. The method of claim 55, wherein the cartridge fimher includes a reagent chamber 
containing dried or lyophilized reagents, and th/method further comprises the 
step of mixing the eluted analyte with the reagents in the reagent chamber prior to 
forcing the analyte to flow into the reaction chamber. 

59. The method of claim 54, further comprising the steps of: 

i) forcing the eluted analyte to flo^v into a reaction vessel coupled to the 
cartridge; 

ii) chemically reacting the anal/te in the reaction vessel; and 

iii) detecting a reaction produc 

60. The method of claim 59, wherein the analyte comprises nucleic acid, and wherein 
the steps of chemically reactirig the analyte and detecting the reaction product 
comprise amplifying the nucleic acid and detecting the amplified nucleic acid. 

61 . The method of claim 59, wherein the chemical reaction requires temperature 
control of the reaction vessel, and the method further comprises the steps of 
inserting the vessel into a thermal sleeve and heating or cooling the vessel 
according to a time/temperature profile. 



62. The method of claim 59, wherein the cartridge further includes a reagent chamber 
containing dried oy lyophilized reagents, and the method further comprises the 
step of mixing the eluted analyte with the reagents in the reagent chamber prior to 
forcing the analwe to flow into the reaction vessel. 
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63. The method of claim 5^; wherein the step of lysing the sample components 
comprises transferring ultrasonic energy to the lysing region using an ultrasonic 
transducer coupl/a to a wall of the lysing region. 

64. The method of claim 63, wheB©m the lysing region comprises a lysing chamber, 
and the solid phase material/ojnprises at least one membrane or filter in the 
lysing chamber for captudftg the sample components. 

65. The method of claim 64, wherein the ste/ of lysing the sample components 
further comprises agitating particles o/beads in the lysing chamber to rupture the 
sample components. 



66. The method of claim 63, fiirtheiVcomprising the step of placing a lysis buffer in 
the lysing region, the lysis buffer containing a lysing reagent. 

67. The method of claim 63, vyherein the transducer comprises an ultrasonic horn for 
contacting the wall. 



68. The method of claim 54, wherein the capture region comprises a channel or 

chamber containing me capture material, and the method further comprises the 
step of forcing a wtfsh solution to flow through the capture region after the step of 
forcing the ly sate /to flow through the capture region and prior to eluting the 
analyte from the/capture region. 



69. The method of claim 54, w)%ein the solid phase material in the lysing region is 



selected from the group c< 
beads, fiber, glass wool, f; 




isying of at least one filter, at least one membrane, 
paper, polymers, and gel. 



/ 
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70. The method of claim 54, wherein the capture region comprises a/6hannel or 
chamber containing the capture material, and wherein the capture material 
comprises at least one solid support selected from the group/consisting of filters, 
membranes, beads, fiber, glass wool, filter paper, polymers, and gel. 

71. The method of claim 54, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein /he capture material 
comprises an array of microstructures extending injtfe the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

72. The method of claim 54, wherein the capture /egion comprises a channel or 
chamber containing the capture material, and wherein the analyte is eluted from 
the capture region by heating the channel pr chamber containing the capture 
material while forcing elution fluid to flow through the channel or chamber. 

73. The method of claim 54, wherein the lysate is forced to recirculate through the 
capture region. / 

74. The method of claim 54, whereinythe cartridge has a first flow path that includes 
the lysing and capture regions, tHe first flow path leading to a waste chamber, the 
cartridge has an elution flow pafth passing through the capture region and 
diverging from the first flow tfath, the lysate is forced to flow through the capture 
region and into the waste chamber via the first flow path, and the elution fluid is 
forced to flow through the capture region and along the diverging elution flow 
path. / 

75. The method of claim 54/ wherein the analyte is eluted from the capture region by 
forcing elution fluid totflow through the capture region, and wherein the volume 
of sample forced to flpw through the lysing region is greater than the volume of 
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elution fluid forced to flow through the capture region, whereby the analyte 
extracted from tt>e sample is concentrated in the smaller volume of elution fluid. 

The method of Ql&im S^^herein the lysing region comprises a lysing chamber 
containing th^&JdTphase material, and wherein the volume of sample forced to 
flow throueh™e lysing chamber is greater than the volume capacity of the lysing 
chambj 




77. The method of claim 76, wherein the ratio of the volume of sample fiSrced to flow 
through the lysing chamber to the volume capacity of the lysing cjffamber is at 
least 2:1. 

78. The method of claim 54, wherein the volume of sample forced to flow through the 
lysing region is at least 1 ml. 



79. The method of claim 54, wherein the capture region comprises an extraction 
chamber containing the capture material, and wherein the volume of lysate forced 
to flow through the extraction chamber is gyfater than the volume capacity of the 
extraction chamber. 

80. The method of claim 79, wherein th£ ratio of the volume of lysate forced to flow 
through the extraction chamber Jo the volume capacity of the extraction chamber 
is at least 2:1. 



81. A method for extractinginicleic acid from a fluid sample and for amplifying the 
nucleic acid, the method comprising the steps of: 
a) introducing me sample into a cartridge having: 

i) a ivsing region for lysing sample components to release the nucleic 
therefrom; 



^fdt 
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a capture region, the capture region composing a channel or 
chamber containing capture material fo/ capturing the nucleic acid; 

iii) at least one waste chamber; and 

iv) a reaction chamber for amplifying ttfe nucleic acid; 

b) lysing the sample components in the lysjpg region to produce a lysate 
containing the nucleic acid; 

c) forcing the lysate to flow through th/ capture region, thereby capturing the 
nucleic acid with the capture material; 

d) forcing the lysate that has flowe<mhrough the capture region to flow into 
the waste chamber; / 

e) forcing an elution fluid to flow through the capture region to elute the 
captured nucleic acid from the capture region; 

f) forcing the eluted nucleic a/id to flow into the reaction chamber; and 

g) amplifying the nucleic acid in the reaction chamber. 



82. The method of claim 81 , further comprising the step of detecting the amplified 
nucleic acid in the reaction chamber. 

83. The method of claim 81 , wherein the portion of the cartridge defining the reaction 
chamber protrudes from the rest of the cartridge body, and wherein the 
temperature of the reaction chamber is controlled by inserting the reaction 
chamber into a therma/sleeve and heating or cooling the reaction chamber 
according to a time/te/mperature profile. 



84. The method of claim 81, wherein the cartridge further includes a reagent chamber 
containing dried pv lyophilized reagents, and the method further comprises the 
step of mixing Jne eluted nucleic acid with the reagents in the reagent chamber 
prior to forcing the nucleic acid to flow into the reaction chamber. 
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The method of claim 81, wherein the lysing region comprises a losing chamber 
containing solid phase material for capturing the sample components, and the 
method further comprises the step of forcing the sample to flow through the 
lysing chamber and into the at least one waste chamber, thereby capturing the 
sample components with the solid phase material in the lysing chamber. 

86. The method of claim 85, wherein the step of lysing the sample components 
comprises transferring ultrasonic energy to th/lysing chamber using an ultrasonic 
transducer coupled to a wall of the lysing chamber. 

87. The method of claim 86, wherein the smid phase material comprises at least one 
membrane or filter for capturing the ^ample components, and wherein the step of 
lysing the sample components furtner comprises agitating particles or beads in the 
lysing chamber to rupture the sample components. 

88. The method of claim 86, wherein the step of lysing the sample components 
further comprises placing a/lysis buffer in the lysing chamber, the lysis buffer 
containing a lysing reagent. 

89. The method of claim p6 9 wherein the transducer comprises an ultrasonic horn for 
contacting the wall pf the lysing chamber. 

90. The method of claim 85, wherein the volume of sample forced to flow through the 
lysing chamber is greater than the volume of elution fluid forced to flow through 
the capture region, whereby the nucleic acid extracted from the sample is 
concentrat/d in the smaller volume of elution fluid. 



91. 



The method of claim 85, where! 
lysing chamber is greater than V\ 



le volume of sample forced to flow through the 
olume capacity of the lysing chamber. 



1 
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92. The method of claim 85, wherein the ratio of the volume ofrsample forced to flow 
through the lysing chamber to the volume capacity of the ^ysing chamber is at 
least 2:1. 

93. The method of claim 85, wherein the volume of sarnie forced to flow through the 
lysing chamber is at least 1 ml. 

94. The method of claim 8 1 , wherein the volume of lysate forced to flow through the 
capture region is greater than the volume capacity of the capture region. 



95. The method of claim 8 1 , wherein the ratio of the volume of lysate forced to flow 
through the capture region to the volume capacity of the capture region is at least 
2:1. 



96. The method of claim 81, wherein the capture material comprises at least one solid 
support selected from the group consisting of filters, membranes, beads, fiber, 
glass wool, filter paper, polymers, and gel. 



97. The method of claim 81, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstcuctures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 



98. 



The method of claim 81, farther comprising the step of heating the capture region 
while forcing the elutioiyfluid to flow through the capture region. 
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99. A method for separating nucleic acid from a fluid sample and for aipplifying the 
nucleic acid, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing region for lysing sample component to release the nucleic 
acid therefrom; / 

ii) a capture region comprising a channel px chamber containing 
capture material for capturing the nycleic acid; and 

iii) at least one waste chamber; 

b) lysing the sample components in the lysing region to produce a lysate 
containing the nucleic acid; / 

c) forcing the lysate to flow through *ne capture region, thereby capturing the 
nucleic acid with the capture material in the capture region; 

d) forcing the lysate that has flowed through the capture region to flow into 
the waste chamber; / 

e) forcing an elution fluid to flow through the capture region to elute the 
captured nucleic acid from the capture region; 

f) forcing the eluted nucleic acid to flow into a reaction vessel coupled to the 
cartridge; and 

g) amplifying the nu'cleic acid in the reaction vessel. 

100. The method of claim/99, further comprising the step of detecting the amplified 
nucleic acid in the/reaction vessel. 

101 . The method ofrclaim 99, wherein the temperature of the reaction vessel is 
controlled bv/inserting the vessel into a thermal sleeve and heating or cooling the 
vessel according to a time/temperature profile. 



102. 



The met 
contaim 



lod of claim 99, wherein the cartridge further includes a reagent chamber 
ig dried or lyophilized reagents, and the method further comprises the 
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step of mixing the eluted nucleic acid with the reagents in the reagent chamber 
prior to forcing the nucleic acid to flow into the reaction vessel. 

103. The method of claim 99, wherein the lysing region comprises a lysing chamber 
containing solid phase material for capturing the sample ^components, and the 
method further comprises the step of forcing the sample to flow through the 
lysing chamber and into the at least one waste chamtfer, thereby capturing the 
sample components with the solid phase material in the lysing chamber. 




104. The method of claim 103, wherein the step of /lysing the sample components 

comprises transferring ultrasonic energy to the lysing chamber using an ultrasonic 
transducer coupled to a wall of the lysing chamber. 



105. The method of claim 104, wherein the/solid phase material comprises at least one 
membrane or filter for capturing the/sample components, and wherein the step of 
lysing the sample components further comprises agitating particles or beads in the 
lysing chamber to rupture the sample components. 



/ 



106. The method of claim 104, wherein the step of lysing the sample components 
further comprises placing/ lysis buffer in the lysing chamber, the lysis buffer 
containing a lysing reagent. 

/ 

107. The method of clain/ 104, wherein the transducer comprises an ultrasonic horn for 
contacting the wall/of the lysing chamber. 

108. The method of claim 103, wherein the volume of sample forced to flow through 
the lysing chamber is greater than the volume of elution fluid forced to flow 
through the capture region, whereby the nucleic acid extracted from the sample is 
concentratefl in the smaller volume of elution fluid. 
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109. The method of claim 103, wh&ein the volume of sample forced to flow through 
the lysing chamber is greater tnan the volume capacity of the lysing chamber. 

110. The method of claim 103, wherein the ratio of the volume of sample forced to 
flow through the lysing chamber to the volume capacity of the lysirjg chamber is 
at least 2:1. 

1 1 1 . The method of claim 1 03, wherein the volume of sample forced to flow through 
the lysing chamber is at least 1 ml. 



112. The method of claim 99, wherein the volume of lysate. forced to flow through the 
capture region is greater than the volume capacity of the capture region. 



113. The method of claim 99, wherein the ratio of the volume of lysate forced to flow 
through the capture region to the volume capacity of the capture region is at least 
2:1. 

114. The method of claim 99, wherein the capture material comprises at least one solid 

/ 

support selected from the.group consisting of filters, membranes, beads, fiber, 
glass wool, filter paper/polymers, and gel. 

/ 

115. The method of claim 99, wherein the capture region comprises an extraction 
chamber forme</in a microfluidic chip, and wherein the capture material 
comprises an^array of microstructures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

116. The ntethod of claim 99, further comprising the step of heating the capture region 
whfle forcing the elution fluid to flow through the capture region. 
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117. A method for separating nucleic acid from a fluid sample and for amplifying the 
nucleic acid, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a capture region, the capture region comprising a/fchannel or 
chamber containing capture material for captynng the nucleic acid; 
and 

ii) a waste chamber for receiving waste flmfl from the capture region; 

b) forcing the sample to flow through the capture region, thereby extracting 
the nucleic acid from the sample with the capture material in the capture 
region; / 

c) forcing the remaining sample fluid th^t has flowed through the capture 
region to flow into the waste chamber; 

d) forcing an elution fluid to flow through the capture region to elute the 
captured nucleic acid from the/Capture region; 

e) forcing the eluted nucleic acjti to flow into a reaction vessel coupled to the 
cartridge; and 

f) amplifying the nucleic a&d in the reaction vessel. 

118. The method of claim 1 1 7, farther comprising the step of detecting the amplified 
nucleic acid in the reaction vessel. 

119. The method of claim/ 17, wherein the temperature of the reaction vessel is 
controlled by inserting the vessel into a thermal sleeve and heating or cooling the 
vessel according to a predetermined time/temperature profile. 

120. The method ofifclaim 117, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
reagent chamber prior to forcing the nucleic acid to flow into the reaction vessel. 
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121 . The method of claim 117, wherein the volume of sample forced to flow through 
the capture region is greater than the volume of elution fluid forcep ;o flow 
through the capture region, whereby the nucleic acid extracted ^rom the sample is 
concentrated in the smaller volume of elution fluid. 

122. The method of claim 1 17, wherein the ratio of the vohime of sample forced to 
flow through the capture region to the volume capacity of the capture region is at 
least 2:1. 

123. The method of claim 1 17, wherein the volume of sample forced to flow through 
the capture region is at least 1 ml. 



124. The method of claim 117, wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filter paper, polymers, and gel. 



125. The method of claim 117, Wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstructures extending into the extraction chamber, each 
of the microstructures'having an aspect ratio (height to width) of at least 2:1 . 



126. A method for separating nucleic acid from a fluid sample and for amplifying the 
nucleic acid, the'method comprising the steps of: 
a) introducing the sample into a cartridge having: 

i) / a flow path through a capture region, the capture region 

comprising a channel or chamber containing capture material for 
capturing the nucleic acid; 
i'i) a waste chamber for receiving waste fluid from the capture region; 
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and 

iii) a reaction chamber for amplifying the nucleic 

b) forcing the sample to flow through the capture region, thereby capturing 
the nucleic acid with the capture material; / 

c) forcing the remaining sample fluid that has flowed through the capture 
region to flow into the waste chamber; / 

d) forcing an elution fluid to flow through the^fcapture region to elute the 
captured nucleic acid from the capture region; 

e) forcing the eluted nucleic acid to flow/nto the reaction chamber; and 

f) amplifying the nucleic acid in the reaction chamber. 

127. The method of claim 126, further comprising the step of detecting the amplified 
nucleic acid in the reaction vessel. / 

128. The method of claim 126, wherein me portion of the cartridge defining the 
reaction chamber protrudes from ihe rest of the cartridge body, and wherein the 
temperature of the reaction chamber is controlled by inserting the reaction 
chamber into a thermal sleeve^and heating or cooling the reaction chamber 
according to a time/temperature profile. 

129. The method of claim 126, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
reagent chamber npor to forcing the nucleic acid to flow into the reaction 
chamber. / 



130. 



The method of claim 126, wherein the volume of sample forced to flow through 
the capture /egion is greater than the volume of elution fluid forced to flow 
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through the capture region, whereby the nucleic acid extracted/from the sample is 
concentrated in the smaller volume of elution fluid. 



131. The method of claim 126, wherein the volume of sample forced to flow through 
the capture region is greater than the volume capacity of the capture region. 

132. The method of claim 126, wherein the ratio/of the volume of sample forced to 
flow through the capture region to the vojume capacity of the capture region is at 
least 2:1. 

133. The method of claim 126, whereiry(he volume of sample forced to flow through 
the capture region is at least 1 

134. The method of claim 126, Wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filteiroaper, polymers, and gel. 

135. The method of clym 126, wherein the capture region comprises an extraction 
chamber formMin a microfluidic chip, and wherein the capture material 
comprises aparray of microstructures extending into the extraction chamber, each 
of the mi^ostructures having an aspect ratio (height to width) of at least 2:1. 

136. Th^method of claim 126, further comprising the step of heating the capture 
region while forcing the elution fluid to flow through the capture region. 

137. A method for extracting nucleic acid from a sample, the sample containing cells, 
spores, or microorganisms, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing region for lysing the cells, spores, or microorganisms to 
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release the nucleic acid therefrom; and 
ii) at least one waste chamber; 

b) contacting the sample with paper or membrane material in the lysing 
region, the paper or membrane material being impregnated with at least 
one chemical for lysing the cells, spores, or microorganisms in the sample; 

c) lysing the cells, spores, or microorganisms with the at least one chemical; 

d) binding the nucleic acid released from the cells, spores, or microorganisms 
to the paper or membrane material; 

e) washing the lysing region with wash fluid and forcing the wash fluid to 
flow from the lysing region into the at least one waste chamber while the 
nucleic acid remains bound to the paper or membrane material in the 
lysing region; and 

f) eluting the nucleic acid from the paper or membrane material. 

138. The method of claim 137, wherein the cartridge further includes a reaction 
chamber, and the method further comprises the steps of: 

i) forcing the eluted nucleic acid to flow into the reaction chamber; 

ii) amplifying the nucleic acid in the reaction chamber; and 

iii) detecting the amplified nucleic acid. 

1 39. The method of claim 138, wherein the amplification requires temperature control 
of the reaction chamber, the portion of the cartridge defining the reaction chamber 
protrudes from the rest of the cartridge body, and the temperature of the reaction 
chamber is controlled by inserting the reaction chamber into a thermal sleeve and 
heating or cooling the reaction chamber according to a time/temperature profile. 

140. The method of claim 138, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
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reagent chamber prior to forcing the nucleic acid to flow into the reaction 
chamber. 

141. The method of claim 1 37, further comprising the steps of: 

i) forcing the eluted nucleic acid to flow into a reaction vessel coupled to the 
cartridge; 

ii) amplifying the nucleic acid in the reaction vessel; and 

iii) detecting the amplified nucleic acid. 

142. The method of claim 141, wherein the amplification requires temperature control 
of the reaction vessel, and wherein the temperature of the vessel is controlled by 
inserting the vessel into a thermal sleeve and heating or cooling the vessel 
according to a time/temperature profile. 

143. The method of claim 141, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
reagent chamber prior to forcing the nucleic acid to flow into the reaction vessel. 

144. The method of claim 137, wherein: 

a) the cartridge further includes a capture region, the capture region 
comprising a channel or chamber containing capture material for capturing 
the nucleic acid; 

b) the nucleic acid is eluted from the paper or membrane material by placing 
fluid into the lysing region and releasing the nucleic acid from the paper or 
membrane material into the fluid; 

c) and the method further comprises the steps of concentrating the nucleic 
acid by: 



• 
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i) forcing the fluid containing the nucleic acid to flow out of the 
lysing region and through the capture region to capture the nucleic 
acid with the capture material; 

ii) forcing the fluid that has flowed through the capture region to flow 
into at least one waste chamber in the cartridge; and 

iii) eluting the nucleic acid from the capture region. 

145. The method of claim 144, wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filter paper, polymers, and gel. 

146. The method of claim 144, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstructures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

147. The method of claim 144, wherein the cartridge has a first flow path that includes 
the lysing and capture regions, the first flow path leading to the at least one waste 
chamber, the cartridge has an elution flow path passing through the capture region 
and diverging from the first flow path, the elution flow path leading to an 
additional chamber in the cartridge for receiving the nucleic acid, the fluid 
containing the nucleic acid is forced to flow through the capture region and into 
the at least one waste chamber via the first flow path, thereby separating the 
nucleic acid from the fluid in the capture region, and the nucleic acid is eluted 
from the capture region by forcing elution fluid to flow through the capture region 
and into the additional chamber via the diverging elution flow path. 



148. 



The method of claim 144, wherein the cartridge further includes a reaction 
chamber, and the method further comprises the step of forcing the nucleic acid 
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eluted from the capture region to flow into the reaction chamber and amplifying 
the nucleic acid in the reaction chamber. 

149. The method of claim 144, further comprising the step of forcing the nucleic acid 
eluted from the capture region to flow into a reaction vessel coupled to the 
cartridge and amplifying the nucleic acid in the reaction vessel. 

1 50. The method of claim 144, wherein the cartridge has a first flow path that includes 
the lysing and capture regions, the first flow path leading to the at least one waste 
chamber, the cartridge has an elution flow path passing through the capture region 
and diverging from the first flow path, a reaction vessel is coupled to the cartridge 
for receiving the nucleic acid eluted from the capture region via the elution flow 
path, the fluid containing the nucleic acid is forced to flow through the capture 
region and into the at least one waste chamber via the first flow path, thereby 
separating the nucleic acid from the fluid in the capture region, the nucleic acid is 
eluted from the capture region by forcing elution fluid to flow through the capture 
region and along the diverging elution flow path, the nucleic acid eluted from the 
capture region is forced to flow into the reaction vessel, and the nucleic acid is 
amplified in the reaction vessel. 

151. The method of claim 1 37, wherein the step of lysing the cells, spores, or 
microorganisms with the at least one chemical comprises drying the sample on the 
paper or membrane material by heating or desiccation. 

1 52. The method of claim 151, wherein the cartridge further includes a desiccant 
adjacent the lysing region, and wherein the sample is dried on the paper or 
membrane material by heating the sample and absorbing moisture with the 
desiccant. 
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153. The method of claim 151, wherein the nucleic acid is eluted from the paper or 
membrane material by placing fluid in the lysing region, heating the lysing region 
to release the nucleic acid from the paper or membrane material into the fluid, and 
forcing the fluid containing the nucleic acid to flow out of the lysing region. 

154. The method of claim 153, further comprising the step binding contaminants or 
inhibitors to the paper or membrane material prior to releasing the nucleic acid 
from the paper or membrane material into the fluid, and wherein the contaminants 
or inhibitors remain bound to the paper or membrane material while the nucleic 
acid is eluted from the paper or membrane material. 

155. The method of claim 137, wherein the chemical comprises at least one lysing 
agent selected from the group consisting of enzymes, detergents, and chaotropes. 

156. The method of claim 137, wherein the chemical comprises a chaotropic salt. 

157. The method of claim 137, wherein the paper or membrane material comprises 
cellulose, nitrocellulose, polycarbonate, or nylon*. 

158.. A method for extracting nucleic acid from a sample, the sample containing cells, 
spores, or microorganisms, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing region for lysing the cells, spores, or microorganisms to 
release the nucleic acid therefrom; and 

ii) a capture region, the capture region comprising a channel or 
chamber containing capture material for capturing the nucleic acid; 

b) drying the sample on paper or membrane material in the lysing region, the 
paper or membrane material being impregnated with at least one chemical 
for lysing the cells, spores, or microorganisms in the sample; 
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c) lysing the cells, spores, or microorganisms with the chemical to release the 
nucleic acid from the cells, spores, or microorganisms; 

d) binding contaminants or inhibitors in the sample to the paper or membrane 
material; 

e) placing fluid in the lysing region and releasing the nucleic acid from the 
paper or membrane material into the fluid while the contaminants or 
inhibitors remain bound to the paper or membrane material; 

f) forcing the fluid containing the nucleic acid to flow through the capture 
region to capture the nucleic acid with the capture material; and 

g) eluting the nucleic acid from the capture region. 

159. The method of claim 158, wherein the cartridge further includes a reaction 
chamber, and the method fiirther comprises the steps of: 

i) forcing the nucleic acid eluted from the capture region to flow into the 
reaction chamber; 

ii) amplifying the nucleic acid in the reaction chamber; and 

iii) detecting the amplified nucleic acid. 

160. The method of claim 159, wherein the amplification requires temperature control 
of the reaction chamber, the portion of the cartridge defining the reaction chamber 
protrudes from the rest of the cartridge body, and the temperature of the reaction 
chamber is controlled by inserting the reaction chamber into a thermal sleeve and 
heating or cooling the reaction chamber according to a time/temperature profile. 

161 . The method of claim 160, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the nucleic acid with the reagents in the reagent 
chamber prior to forcing the nucleic acid to flow into the reaction chamber. 



Kurt E. Petersen et al. PATENT 
Application No.: 10/005,685 
Page 25 

162. The method of claim 158, further comprising the steps of: 

i) forcing the nucleic acid eluted from the capture region to flow into a 
reaction vessel coupled to the cartridge; 

ii) amplifying the nucleic acid in the reaction vessel; and 

iii) detecting the amplified nucleic acid. 

163. The method of claim 162, wherein the amplification requires temperature control 
of the reaction vessel, and wherein the temperature of the vessel is controlled by 
inserting the vessel into a thermal sleeve and heating or cooling the vessel 
according to a time/temperature profile. 

164. The method of claim 162, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
reagent chamber prior to forcing the nucleic acid to flow into the reaction vessel. 

165. The method of claim 158, wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filter paper, polymers, and gel. 

166. The method of claim 158, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstructures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

1 67. The method of claim 1 58, wherein the cartridge includes at least one waste 
chamber for receiving waste fluid and at least one additional chamber for 
receiving the nucleic acid eluted from the capture region, the fluid forced to flow 
through the capture region in step (f) is forced to flow into the at least one waste 
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chamber after flowing through the capture region, and the nucleic acid is eluted 
from the capture region by forcing elution fluid to flow through the capture region 
and into the additional chamber. 

168. The method of claim 167, wherein the volume of sample placed in the lysing 
region is greater than the volume of elution fluid forced to flow through the 
capture region, whereby the nucleic acid extracted from the sample is 
concentrated in the smaller volume of elution fluid. 

169. The method of claim 167, wherein the ratio of the volume of fluid forced to flow 
through the capture region in step (f) to the volume capacity of the capture region 
is at least 2:1. 

170. The method of claim 167, wherein the additional chamber comprises a reagent 
chamber containing reagents, and the method further comprises the step of mixing 
the nucleic acid with the reagents in the reagent chamber. 

171 . The method of claim 167, wherein the additional chamber comprises a reaction 
chamber, and the method further comprises the step of amplifying the nucleic acid 
in the reaction chamber. 

172. The method of claim 158, wherein the cartridge includes at least one waste 
chamber for receiving waste fluid, the fluid forced to flow through the capture 
region in step (f) is forced to flow into the at least one waste chamber after 
flowing through the capture region, and the nucleic acid is eluted from the capture 
region by forcing elution fluid to flow through the capture region and into a 
reaction vessel coupled to the cartridge. 
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173. The method of claim 172, wherein the volume of sample placed in the lysing 
region is greater than the volume of elution fluid forced to flow through the 
capture region, whereby the nucleic acid extracted from the sample is 
concentrated in the smaller volume of elution fluid. 

174. The method of claim 172, wherein the ratio of the volume of fluid forced to flow 
through the capture region in step (f) to the volume capacity of the capture region 

is at least 2:1. 

1 75. The method of claim 1 72, wherein the cartridge includes a reagent chamber, and 
the method further comprises the step of mixing the nucleic acid eluted from the 
capture region with reagents in the reagent chamber prior to forcing the nucleic 
acid to flow into the reaction vessel. 

176. The method of claim 172, further comprising the step of amplifying and detecting 
the nucleic acid in the reaction vessel. 

177. The method of claim 158, wherein the cartridge includes a desiccant adjacent the 
lysing region, and wherein the sample is dried on the paper or membrane material 
by heating the sample and absorbing moisture with the desiccant. 

178. The method of claim 158, wherein the nucleic acid is released from the paper or 
membrane material into the fluid in the lysing region by heating the paper or 
membrane material. 

179. The method of claim 158, wherein the cartridge includes at least one waste 
chamber, and wherein step (e) is preceded by the additional steps of binding the 
nucleic acid released from the cells, spores, or microorganisms to the paper or 
membrane material, washing the lysing region with wash fluid, and forcing the 
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wash fluid to flow out of the lysing region and into the at least one waste chamber 
while the nucleic acid remains bound to the paper or membrane material. 

180. The method of claim 158, wherein the chemical comprises at least one lysing 
agent selected from the group consisting of enzymes, detergents, and chaotropes. 

181. The method of claim 158, wherein the chemical comprises a chaotropic salt. 

182. . The method of claim 158, wherein the paper or membrane material comprises 

cellulose, nitrocellulose, polycarbonate, or nylon. 

183. A method for extracting nucleic acid from a sample, the sample containing cells, 
spores, or microorganisms, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing chamber for lysing the cells, spores, or microorganisms to 
release the nucleic acid therefrom; 

ii) a capture region containing capture material for capturing the 
nucleic acid; 

iii) at least one waste chamber; and 

iv) at least a third chamber for receiving the nucleic acid extracted 
from the sample; 

b) contacting the sample with paper or membrane material in the lysing 
chamber, the paper or membrane material being impregnated with at least 
one chemical for lysing the cells, spores, or microorganisms in the sample; 

c) lysing the cells, spores, or microorganisms with the chemical to release the 
nucleic acid from the cells, spores, or microorganisms; 

d) removing the nucleic acid from the lysing chamber by placing fluid in the 
lysing chamber, releasing the nucleic acid from the paper or membrane 
material into the fluid, and forcing the fluid containing the nucleic acid to 
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flow out of the lysing chamber and through the capture region, thereby 
capturing the nucleic acid from the fluid with the capture material in the 
capture region; 

e) forcing the fluid that has flowed through the capture region to flow into 
the waste chamber; and 

f) eluting the captured nucleic acid from the capture region and forcing the 
eluted nucleic acid to flow into the third chamber. 



184. The method of claim 183, the third chamber comprises a reaction chamber, and 
the method further comprises the steps of: 

i) amplifying the nucleic acid in the reaction chamber; and 

ii) detecting the amplified nucleic acid. 

185. The method of claim 184, wherein the amplification requires temperature control 
of the reaction chamber, the portion of the cartridge defining the reaction chamber 
protrudes from the rest of the cartridge body, and the temperature of the reaction 
chamber is controlled by inserting the reaction chamber into a thermal sleeve and 
heating or cooling the reaction chamber according to a time/temperature profile. 



1 86. The method of claim 1 84, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the eluted nucleic acid with the reagents in the 
reagent chamber prior to forcing the nucleic acid to flow into the reaction 
chamber. 



187. 



The method of claim 1 83, wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filter paper, polymers, and gel. 
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188. The method of claim 183, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstructures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

1 89. The method of claim 1 83, wherein the captured nucleic acid is eluted from the 
capture region by forcing elution fluid to flow through the capture region, and 
wherein the volume of sample placed in the lysing chamber is greater than the 
volume of elution fluid forced to flow through the capture region, whereby the 
nucleic acid extracted from the sample is concentrated in the smaller volume of 
elution fluid. 

190. The method of claim 1 83, wherein the ratio of the volume of fluid forced to flow 
through the capture region in step (d) to the volume capacity of the capture region 
is at least 2:1. 

191. The method of claim 183, wherein the step of lysing the cells, spores, or 
microorganisms with the at least one chemical comprises drying the sample on the 
paper or membrane material by heating or desiccation. 

1 92 . The method of claim 191, wherein the cartridge further includes a desiccant 
adjacent the lysing chamber, and wherein the sample is dried on the paper or 
membrane material by heating the sample and absorbing moisture with the 
desiccant. 

193. The method of claim 183, wherein the nucleic acid is released from the paper or 
membrane material into the fluid in the lysing chamber by heating the paper or 
membrane material. 
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194. The method of claim 183, wherein step (d) is preceded by the additional steps of 
binding the nucleic acid released from the cells, spores, or microorganisms to the 
paper or membrane material, washing the lysing chamber with wash fluid, and 
forcing the wash fluid to flow out of the lysing chamber and into the at least one 
waste chamber while the nucleic acid remains bound to the paper or membrane 
material. 

195. The method of ciaim 183, wherein step (d) is preceded by the additional step of 
binding contaminants or inhibitors in the sample to the paper or membrane 
material, and wherein the contaminants or inhibitors remain bound to the paper or 
membrane material while the nucleic acid is removed from the lysing chamber. 

196. The method of claim 183, wherein the chemical comprises at least one lysing 
agent selected from the group consisting of enzymes, detergents, and chaotropes. 

197. The method of claim 183, wherein the chemical comprises a chaotropic salt. 

198. The method of claim 183, wherein the paper or membrane material comprises 
cellulose, nitrocellulose, polycarbonate, or nylon. 

199. A method for extracting nucleic acid from a sample, the sample containing cells, 
spores, or microorganisms, the method comprising the steps of: 

a) introducing the sample into a cartridge having: 

i) a lysing chamber for lysing the cells, spores, or microorganisms to 
release the nucleic acid therefrom; 

ii) a capture region, the capture region comprising a channel or 
chamber containing capture material for capturing the nucleic acid; 
and 

iii) at least one waste chamber; 
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b) contacting the sample with paper or membrane material in the lysing 
chamber, the paper or membrane material being impregnated with at least 
one chemical for lysing the cells, spores, or microorganisms in the sample; 

c) lysing the cells, spores, or microorganisms with the chemical to release the 
nucleic acid from the cells, spores, or microorganisms; 

d) removing the nucleic acid from the lysing chamber by placing fluid in the 
lysing chamber, releasing the nucleic acid from the paper or membrane 
material into the fluid, and forcing the fluid containing the nucleic acid to 
flow out of the lysing chamber and through the capture region, thereby 
capturing the nucleic acid from the fluid with the capture material in the 
capture region; 

e) forcing the fluid that has flowed through the capture region to flow into 
the waste chamber; and 

f) eluting the captured nucleic acid from the capture region and forcing the 
eluted nucleic acid to flow into a reaction vessel coupled to the cartridge. 

200. The method of claim 199, further comprising the steps of: 

i) amplifying the nucleic acid in the reaction vessel; and 

ii) detecting the amplified nucleic acid. 

201 . The method of claim 200, wherein the amplification requires temperature control 
of the reaction vessel, and wherein the temperature of the vessel is controlled by 
inserting the vessel into a thermal sleeve and heating or cooling the vessel 
according to a time/temperature profile. 

202. The method of claim 200, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
comprises the step of mixing the nucleic acid eluted from the capture region with 
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the reagents in the reagent chamber prior to forcing the nucleic acid to flow into 
the reaction vessel. 

203. The method of claim 199, wherein the capture material comprises at least one 
solid support selected from the group consisting of filters, membranes, beads, 
fiber, glass wool, filter paper, polymers, and gel. 

204. The method of claim 199, wherein the capture region comprises an extraction 
chamber formed in a microfluidic chip, and wherein the capture material 
comprises an array of microstructures extending into the extraction chamber, each 
of the microstructures having an aspect ratio (height to width) of at least 2:1. 

205. The method of claim 199, wherein the captured nucleic acid is eluted from the 
capture region by forcing elution fluid to flow through the capture region, and 
wherein the volume of sample placed in the lysing chamber is greater than the 
volume of elution fluid forced to flow through the capture region, whereby the 
nucleic acid extracted from the sample is concentrated in the smaller volume of 
elution fluid. 

206. The method of claim 199, wherein the ratio of the volume of fluid forced to flow 
through the capture region in step (d) to the volume capacity of the capture region 

is at least 2:1. 

♦ 

207. The method of claim 199, wherein the step of lysing the cells, spores, or 
microorganisms with the at least one chemical comprises drying the sample on the 
paper or membrane material by heating or desiccation. 

208. The method of claim 207, wherein the cartridge further includes a desiccant 
adjacent the lysing chamber, and wherein the sample is dried on the paper or 
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membrane material by heating the sample and absorbing moisture with the 
desiccant. 



209. The method of claim 199, wherein the nucleic acid is released from the paper or 
membrane material into the fluid in the lysing chamber by heating the paper or 
membrane material. 

210. The method of claim 199, wherein step (d) is preceded by the additional steps of 
binding the nucleic acid released from the cells, spores, or microorganisms to the 
paper or membrane material, washing the lysing chamber with wash fluid, and 
forcing the wash fluid to flow out of the lysing chamber and into the at least one 
waste chamber while the nucleic acid remains bound to the paper or membrane 
material. 

211. The method of claim 199, wherein step (d) is preceded by the additional step of 
binding contaminants or inhibitors in the sample to the paper or membrane 
material, and wherein the contaminants or inhibitors remain bound to the paper or 
membrane material while the nucleic acid is removed from the lysing chamber. 

212. The method of claim 199, wherein the chemical comprises at least one lysing 
agent selected from the group consisting of enzymes, detergents, and chaotropes. 

213. The method of claim 199, wherein the chemical comprises a chaotropic salt. 

214. The method of claim 199, wherein the paper or membrane material comprises 
cellulose, nitrocellulose, polycarbonate, or nylon. 



215. 



A method fi5r separating an analyte from a fluid sample, the method comprising 
the steps pi\ 
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a) introducing the sample into a cartridge havi 

i) a lysing region for lysing sample components to release the analyte 
therefrom; and 

ii) a flow-through microfluidic chuS for capturing the analyte, the 
microfluidic chip comprising A body having an extraction chamber 
and an array of microstructures extending into the extraction 
chamber for capturing the/analyte, wherein each of the 
microstructures has an a/pect ratio (height to width) of at least 2:1; 

b) lysing the sample components/in the lysing region; 

c) forcing the lysed sample to flow through the extraction chamber and out of 
the microfluidic chip, thereoy capturing the analyte with the 
microstructures in the extraction chamber; 

d) eluting the captured analyte from the microfluidic chip by forcing an 
elution fluid to flow tljrough the extraction chamber and out of the 
microfluidic chip. 

216. The method of claim 2 \sl wherein the cartridge further includes a reaction 
chamber, and the method further comprises the steps of: 

i) forcing the eluted analyte to flow into the reaction chamber; 

ii) chemically reacting the analyte in the reaction chamber; and 

iii) detecting ^reaction product. 

217. The method ofrelaim 216, wherein the analyte comprises nucleic acid, and 
wherein the steps of chemically reacting the analyte and detecting the reaction 
product comprise amplifying the nucleic acid and detecting the amplified nucleic 
acid. 



218. 



The method of claim 216, wherein the cartridge further includes a reagent 
chamber containing dried or lyophilized reagents, and the method further 
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comprises the step of mixing the nucleic acid with the reagents in th/reagent 
chamber prior to forcing the nucleic acid to flow into the reactioj/ chamber. 

219. The method of claim 215, further comprising the steps of: 

i) forcing the eluted analyte to flow into a reaction/vessel coupled to the 
cartridge; 

ii) chemically reacting the analyte in the reacjftn vessel; and 

iii) detecting a reaction product. 

220. The method of claim 219, wherein the analyte comprises nucleic acid, and 
wherein the steps of chemically reacting the analyte and detecting the reaction 
product comprise amplifying the nucle^ acid and detecting the amplified nucleic 
acid. 

22 1 . The method of claim 2 1 9, wherem the cartridge further includes a reagent 
chamber containing dried or lypphilized reagents, and the method further 
comprises the step of mixing/the eluted nucleic acid with the reagents in the 
reagent chamber prior to forcing the nucleic acid to flow into the reaction vessel. 

222. The method of claim 2/5, wherein the step of lysing the sample components 
comprises transferring ultrasonic energy to the lysing region using an ultrasonic 
transducer coupledrto a wall of the lysing region. 

223. The method ofielaim 215, wherein the volume of sample forced to flow through 
the extraction^ chamber is greater than the volume of elution fluid forced to flow 
through the4xtraction chamber, whereby the analyte extracted from the sample is 
concentrated in the smaller volume of elution fluid. 

i 

224. The method of claim 215, wherein the volume of sample forced to flow through 
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the extraction chamber is greater than/die volume capacity of the extraction 
chamber. / 

225. The method of claim 215, wKerein the ratio of the volume of sample forced to 
flow through the extractkm chamber to the volume capacity of the extraction 
chamber is at least 2\Y. 

226. The method ofAmm 215, wherein the volume of sample forced to flow through 
the extraction chamber is at least 1 ml. 



REMARKS 

Applicant has deleted non-critical text from the specification. 

Entry of new claims 54-226 is earnestly solicited. No new matter is introduced thereby. 
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